Viruses are known to have some of the highest and most diverse mutation rates found 12 in any biological replicator, topped by single-stranded (ss) RNA viruses, while double-13 stranded (ds) DNA viruses have rates approaching those of bacteria. As mutation rates 14 are tightly and negatively correlated with genome size, selection is a clear driver of viral 15 evolution. However, the role of intragenomic interactions as drivers of viral evolution is 16 less well documented. To understand how these two processes affect viral evolution, we 17 systematically surveyed ssRNA, ssDNA, dsRNA, and dsDNA viruses, to find which virus 18 type and which functions show evidence for episodic diversifying selection and correlated 19 evolution. We show that while evidence for selection is mostly found in single stranded 20 viruses, and correlated evolution is more prevalent in DNA viruses, the genes that are 21 affected by both processes are involved in key aspects of their life cycle, favoring viral sta-22 bility over proliferation. We further show that both evolutionary processes are intimately 23 linked at the amino acid level, which suggests that selection alone does not explain the 24 whole evolutionary -and epidemiological-potential of viruses. 25 26 42 gene duplication or recombination, and overlapping reading frames (Holmes, 2009). This 43 last point suggests that a seldom explored evolutionary process, correlated evolution, 44 might play a key role in the evolution of these single-stranded viruses. Indeed, recent 45 work uncovered pervasive evidence for correlated evolution in influenza viruses (Nshogoz-46 abahizi et al., 2017), and both the Zika (Aris-Brosou et al., 2017) and the Ebola viruses 47 ( Ibeh et al., 2016), with evidence in the latter that sites evolving in a correlated manner 48 can also be under episodic diversifying selection. However, this recent body of evidence is 49 so far limited to a small number of ssRNA viruses, so that the combined role of correlated 50 4 evolution and selection is difficult to generalize.
Introduction 27
We are regularly reminded of the epidemiological toll of viruses, in part due to recent and 28 ongoing viral outbreaks of influenza (Smith et al., 2009 ), Ebola (Gire et al., 2014 
